INTRODUCTION
This study aims to delineate the spatial distribution and 3-D architecture of the unconsolidated sediment facies outlined by the seabed sampling programs of the National Museum of Victoria (Beasley 1966) , the Ministry of Conservation (Seedsman & Marsden 1980) , and the Marine and Freshwater Resources Institute (Greilach et al. 1996 ). An earlier paper (Holdgate et al. 1981) was produced on the Late Pleistocene channels that were identified seismically in the central part of Port Phillip, but the complete study of Port Phillip has only now been finalised. This paper therefore completes the results of these surveys and further augments the studies of nearshore sand deposits undertaken by the Ports and Harbours Division of the Board of Works up until the late 1980s (Buckley & Clark 1987) . To our knowledge, little subsequent stratigraphic work has been carried out on the Port Phillip subsurface marine geology, except for the shallow (400 mm) coring of Greilach et al. (1996) . Environmental impacts of future developments along the Port Phillip coastline may impinge on the waters and bottom sediments of Port Phillip Bay, and this study should provide a basis for evaluating unconsolidated sediment thicknesses as potential pollutant repositories.
GEOGRAPHICAL AND GEOLOGICAL SETTING
Port Phillip Bay is located centrally on the southern coastline of Victoria. It includes an area of 1167 km 2 of almost land-locked water with a maximum length in the north to south direction of 50 km, and a maximum width in the east to west direction of 32 km (Figure 1 ). On the western side it includes an embayment 25 km wide known as the Outer Geelong Harbour and Corio Bay, and in the north is the embayment of Hobsons Bay (Figure 2 ). Water depths in Port Phillip generally range from 9.1 to 23.7 m (referred to lowest astronomical tide), except in the south where a large <5.0 m deep area of sand shoals known as the Nepean Bay Bar occurs (Keble 1946) (Figures 2, 3) . The sandbars form a veneer of variable thickness resting on indurated Pleistocene aeolianites. They almost close across the entrance to Port Phillip except at The Rip where a narrow 3.2 km-wide opening maintains oceanic exchange between Port Phillip and Bass Strait. In The Rip water depths exceed 60 m locally. The marine geology of Port Phillip is described in detail, based on data from seismic profiling, vibrocoring and grab sampling. Three major unconsolidated facies can be distinguished: sands and muddy sands peripheral to the present coastline, muds covering the major central region, and channel fills of muds and sands. The first two facies units result from an increase in wave sorting towards the coast, reworking of Tertiary and Quaternary sandstone outcrops around the coast, and a dominant mud supply from river sources into the central area. The distribution and thicknesses of the unconsolidated facies have been augmented by a shallow-seismic program that reveals the thicknesses of the modern sediments overlying an older surface comprised of consolidated clays and sandy clays of Pleistocene or older age. In central Port Phillip, muds and sands up to 27 m-thick have infilled Pleistocene channels cut into underlying consolidated units. Sediments immediately above the channel bases show characteristic seismic patterns of fluvial deposition. The presence of peat deposits together with gas phenomena in the water column suggest organic breakdown of channel-fill deposits is releasing methane into the bay waters. Outside the channel areas, carbon-14 dating indicates that the unconsolidated sediments largely post-date the last glaciation sea-level rise (<6500 a BP), with an early Holocene period of rapid deposition, similar to other Australian estuaries. Stratigraphic and depositional considerations suggest that the undated channel-fill sequences correlate with the formation of cemented quartz-carbonate aeolianite and barrier sands on the Nepean Peninsula at the southern end of Port Phillip. Previous thermoluminescence dating of the aeolianites suggests that channel-fill sequences B, C and D may have been deposited as fluvial and estuarine infills over the period between 57 and 8 ka. The eroded surface on the underlying consolidated sediments is probably the same 118 ka age as a disconformity within the Nepean aeolianites. Further estuarine and aeolianite facies extend below the disconformity to 60 m below sea-level, and may extend the Quaternary depositional record to ca 810 ka. Pliocene and older Tertiary units progressively subcrop below the Quaternary northwards up the bay.
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Shipping channels across the Nepean Bay Bar follow the naturally scoured tidal depressions of West Channel and South Channel (Figure 3) . Dredging in the Hobsons Bay area at the shallower northern end of Port Phillip maintains deeper shipping channels through to the Yarra River and the Melbourne wharf areas between Williamstown and Port Melbourne. Similar dredged channels allow shallower draught vessels through the Outer Geelong Harbour and Corio Bay to Geelong.
Offshore reefs and sandbanks occur around the periphery of Port Phillip particularly near headlands and promontories. The central deeper areas form a uniform basin-shaped depression except in the south where deep waters abut steeply against the shallow sand shoals of the Nepean Bay Bar.
Hydrodynamic models have been studied in detail for the Port Phillip Bay Environmental Study (Walker 1997; Walker & Sherwood 1997) . Measured vector mean currents in Port Phillip vary with season and location, e.g. southdirected currents along the northeastern side have nearsurface and near-bottom currents up to 0.25 m/s and 0.2 m/s, respectively (Walker 1997). Mud plumes from Yarra River flood discharges have been observed to extend as far south as Brighton. In contrast, the central bay area records varidirectional currents with speeds of less than 0.1 m/s. Rates of water exchange with Bass Strait have also been calculated and vary between 10 days in the south to >280 days in the north and in Corio Bay (Walker 1997; Walker & Sherwood 1997) . Restrictions to tidal flow at The Rip produce currents of up to 3.9 m/s. Tide ranges in Port Phillip are small (less than a metre at spring tides). The ebb and floodtide peaks between the entrance and the north end in Hobsons Bay are delayed by up to 3 hours (Jones 1980; Bird 1993) . Ocean swells entering Port Phillip Heads are rapidly diffracted and weakened. Therefore, other than at the entrance, Port Phillip wave heights of up to 1-1.5 m are generated largely by winds blowing across the bay, limited by available fetch.
The only large freshwater input to Port Phillip is the Yarra River. This river has a mean flow average of 21 m 3 /s (Walker 1997), but has been measured at flood times up to 500 m 3 /s (SECV 1970) . Smaller freshwater inputs include the Kororoit Creek at Williamstown and the Werribee River at Point Cook. In consequence, Port Phillip salinity decreases northwards from 35‰ at the Rip to 33‰ near the Yarra River mouth. Particulates (total non-filterable residue) transported into Port Phillip primarily from the Yarra River are estimated by Harris et al. (1996) to be of the order of 51 000 t/y, although most input is believed to occur as short flood events. Total input is believed to be approximately 85 000 t/y (including from the atmosphere, but excluding coastal erosion: Walker & Sherwood 1997).
The Port Phillip Sunklands are part of the Port Phillip Basin and Ballan Graben (Abele 1988) , the initial formation of which can be traced to the development of an intracratonic rift across the southern margins of the continent. This is a precursor to the rifting system along which Late Cretaceous separation of the Antarctic and Australian landmasses finally occurred. The subparallel Rowsley and Selwyn Fault Systems that border Port Phillip (Figure 1 ) and the east-west Curlewis Fault control the limits to an infilled part of the ancient rift. The oldest infill sedimentsthe Lower Cretaceous Otway Group-form the basal sedimentary sequence in the southern part of the bay. Subsequent crustal collapse between the two main faults resulted first in the deposition of Eocene terrestrial sediments (the Werribee Formation), and Older Volcanics; then a marine incursion resulted in the deposition of OligoMiocene marl and limestone (the Torquay Group). Finally a return in the Pliocene to marginal marine and terrestrial regimes including volcanic lava flows resulted in a capping of younger sediments including the Moorarbool Viaduct Formation, Brighton Group, Newer Volcanics, Wannaeue Formation and Bridgewater Formation (Figure 1 ). In all, over 1 km of post-Early Cretaceous sediments and volcanics were deposited in the southern regions of the Port Phillip Basin.
Tectonic uplift in the Mid to Late Tertiary raised the Bellarine Peninsula and maintained the topographic elevation of the Mornington Peninsula. The subsequent development of the Yarra and Werribee deltas during the Late Tertiary and Quaternary produced the present-day topography of Port Phillip. Recent sea-level and climatic changes have modified, but not greatly changed this morphology.
Early structural features together with more recent geological events have determined the present shape of Port Phillip. The western side between Geelong and Melbourne is a basalt plain of low relief modified in the coastal region by beach deposits and sediments of the Werribee and Yarra River deltas. The Bellarine Peninsula to the south is a horst structure consisting of a thin cover of Lower Tertiary sediments and volcanics capping arkoses of the Otway Group. In contrast, the eastern side of Port Phillip has a greater elevation with cliffs and bluffs formed of Tertiary and older sediments. Sediments of the Brighton Group are found in cliffs near Melbourne; the more resistant Black Rock Sandstone forms steep bluffs, while the occurrence of the easily eroded Red Bluff Sandstone has allowed embayments to develop. The coastline between Beaumaris and Frankston is a long continuous crescent-shaped beach with associated low dunes of Pleistocene to Holocene age. Between Frankston and Dromana, movement on the Selwyn Fault has resulted in the development of high cliffs in the uplifted Tertiary sediments. Three granite bodies form the main topographic features on this side of the bay at Olivers Hill, Mt Martha and Arthurs Seat (Figure 3 ). The Nepean Peninsula practically closes Port Phillip to the south, and consists of Bridgewater Formation dune limestone overlying Tertiary carbonate sediments.
PREVIOUS WORK AND OBJECTIVES OF THIS STUDY
Investigations into the bottom sediments of Port Phillip were completed by Beasley (1966 Beasley ( , 1969 Beasley ( , 1971 , Link (1967) , Buckley and Clark (1987) and Greilach et al. (1996) . A detailed map of the distribution of sea-bottom sediments is reproduced on Figure 3 Department/Ministry of Transport) and the Geological Survey (Geurin 1974a, b; McCutcheon 1979; Smith 1981; Buckley & Clark 1987) . Other reports include seismic and coring results along the Esso ethane pipeline (Esso 1971), seismic profiling near Mordialloc (Dolan 1973), seismic profiling in the northern part of Port Phillip (Walsh 1978) , and sediment distribution and movement in Corio Bay (Seedsman & Marsden 1980) . Additional sediment characteristics over the top 5 cm of seabed cores (including permeability, consolidation, viscosity, settling velocity, grain size and bulk density) were determined by Greilach et al. (1996) for environmental studies in Port Phillip.
The objective of the 1973-1982 Geological Survey of Victoria study was to correlate the known distribution of the surface sediments with the aid of a sub-bottom seismic profiler (Figure 4 ), and to provide additional information on the immediate subsurface geology of Port Phillip and its relationships to the outcrop geology onshore. Following the sub-bottom seismic survey, targets were selected from the seismic records and were drilled using a vibrocorer to obtain samples to help identify the main seismic events (Figure 4 ; Tables 1, 2). Additional vibrocore sites were drilled for the Ports and Harbours investigation of the peripheral sandy areas for beach-restoration projects. The results are referred to in general in this report. More detailed core descriptions and results from this work are listed in the references (Geurin 1974a, b; McCutcheon 1979; Smith 1981; Buckley & Clark 1987) and Table 2 .
FIELD PROGRAM TECHNIQUES

Seismic surveys
Workboats were loaned and crewed by the former Ports and Harbours Division of the Public Works Department. Position fixing was by use of a Decca Trisponder Navigation System that gave coordination accurate to within 1 m or less. These were later converted into Australian Map Grid (AMG) coordinates. Sextants and compasses were used in the northern end of Port Phillip. These gave less accurate results and were only used between fixed points. Boat speeds during the seismic surveying varied between 5 and 9 km/h. Generally, seismic surveys were not carried out in seas where wave heights exceeded 1 m as this affected the clarity of the records.
The sub-bottom profiler comprises three parts of a system manufactured by Ocean Research Equipment Inc.-SO Model 132A over-the-side transducer; Model AO Transceiver; and Model 4600 Graphic recorder. The 4-transducer array was fixed over the side of the boat to hang 2.4 m below the surface. Its swivel mountings enable it to maintain a vertical position irrespective of the motion of the boat. The transducer has a maximum output of 10 kW, and adjustments of the pulse length, frequency and filters were required to maintain the best image possible. Increasing frequency decreased penetration and increased resolution, and vice versa. In general, satisfactory results were obtained using a sweep time of 125 ms, a pulse length of 1.0 ms, and a band plus filter width of 1.0, and frequency of 4.5 kHz. The resulting seismic profiles appeared to give better definition to the more unconsolidated Holocene and Upper Pleistocene strata, compared to the deeper penetration boomer seismic results from University of Melbourne data (Walsh 1978) . The latter appeared to show better definition in the more consolidated units below.
Thirty-six seismic runs totalling 656 km were made during 18 field days in 1977 and 1978 (Figure 4) , and approximately 85% of this distance had trisponder position fixing. Seismic penetration to 50 ms two-way-time (TWT) (approximately 37.0 m) below the seabed was obtained in favourable sub-bottom conditions, such as soft muds, with resolution of single beds down to 1 ms (0.7 m). In sandy conditions penetration was reduced, and often the sea floor was totally reflective to the seismic frequency, producing a series of sea-floor multiples. Consolidated clays were similarly difficult to penetrate with a few exceptions, and hard rock was totally reflective. However, most of the study area consists of soft muds overlying consolidated sediments. The latter have been deeply eroded in the centre of Port Phillip and have later been infilled by soft muds with some sand layers.
Conversion of seismic TWT to depth was assumed to be approximately similar to a signal velocity in water of 1.5 km/s. The velocity of unconsolidated sediments is 14 C dates (a BP) from cores indicated. E3, 38, Esso pipeline cores; AD1, Australian Dredging core. Figure  adapted from Holdgate et al. 1981. generally taken as being between 1.5 and 1.8 km/s. At most coring sites the assumed depth using a velocity of 1.5 km/s was found to agree with the depths found in the cores.
Drilling and sampling surveys
The surface sediments around the peripheral sandy areas of Port Phillip have been extensively sampled by grab sampling, vibrocoring, and dredging and diver sampling as part of the Ports and Harbours Port Phillip Coastal Study. The same coring equipment was used in this survey. It consisted of a 32 mm-diameter stainless-steel tube below which an air-driven vibration head was mounted. The drill was lowered to the sea floor, and was operated via flexible hoses from the boat-based vacuum pump and compressor. The vacuum assists penetration of the substrate and retention of the core. The core was retrieved by vibration out of the core tube into a core liner on board the vessel. The maximum core length obtained in Port Phillip was 5.0 m, although most cores finished in stiff clay prior to this depth. The corer is capable of cutting through thick shells and soft rock.
Twenty-eight sites were chosen from the sub-bottom profiling for coring for this survey, with a total recovery of 49.31 m ( Table 1 ). The average core length was 1.76 m with a range between 0.53 and 4.20 m. The locations of core sites are shown on Figure 4 . Fifteen samples were submitted for nannofossil studies to Russell Wilks (at the time with the Department of Geology, University of Melbourne), and five carbon-14 dates were carried out by the Australian National University (ANU) and University of Sydney (SUA).
Reports by Esso Standard Oil (Aust) Ltd, described the results of a seismic and drilling program involving 80 bores to a maximum depth of 6.0 m along the line of the Esso ethane pipeline. The descriptions of the strata obtained have been useful for this study (Esso 1971) . Esso reports on results from seismic profiling are summarised by Jackman (1971) . Additional samples were obtained from the Australian Dredging Company following a drilling program along the Port Melbourne Channel and are described in detail by Holdgate (1977) .
RESULTS
Peripheral sands
Sand occurs in a band around the periphery of Port Phillip and on the Nepean Bay Bar (Figure 3 ). Around most of Port Phillip the sand occurs in two main zones, nearshore sandbars and offshore sand, that are separated by major breaks in slope. Beaches occur in embayments and at the foot of many of the cliffs and bluffs around the coastline. The beach faces (as formed by wave uprush) usually have a slope steeper than 1 in 10. 
NEARSHORE SANDBAR ZONE
The nearshore sandbar zone extends from sea-level to approximately 2 m below the Australian Height Datum (AHD). It generally has a slope of between 1 in 80 and 1 in 300, and may be narrow with only one or two parallel bars, or very wide as in the Rosebud-Rye area where it extends offshore approximately 500 m and contains numerous bars in a complex pattern. The pattern and positions of the sandbars are basically stationary, being formed in response to the wave regime, but they may change orientation and pattern slightly in response to seasonal variations. The nearshore sandbar zone usually consists of fine sand, whereas the beach and offshore sands are considerably coarser. The sandbar sand is generally thicker than 3 m (deepest core in the sandbar zone) unless there is a shallow subsurface occurrence of 'basement' material (Tertiary or Quaternary). The sandbars are considered to be the areas of greatest sand mobility as they experience the most wave activity and contain the finest sand ( Figure 3 ).
OFFSHORE SANDBAR ZONE
The outer edge of the nearshore sandbar zone drops steeply to the much flatter offshore sand zone. This usually has a slope of between 1 in 800 to 1 in 1000. No further major change in slope occurs at the outer limit of this zone where the sediments change to muds. Wave action on the sea floor in this zone is slight, being confined mainly to small oscillatory currents generated by the passage of storm waves and probably causing some winnowing of fines. With increasing water depth the sand becomes muddy, indicating negligible current winnowing. The offshore sand zone differs on the east and west coasts in Port Phillip. On the west coast it contains homogeneous medium to fine sand, whereas down the east coast it ranges from very coarse to fine sand, which is taken to indicate more variety in grainsize of the source rocks. In addition, on the east coast, the zone contains pockets of coarse to very coarse sand that lie parallel to the coast from Brighton to Dromana, between 500 m and 2 km offshore, and generally occur between 7 and 11 m water depths ( Figures  2, 3 ). These deposits are considered to comprise lag material derived from wave erosion of Tertiary rocks during the rising Holocene sea-level.
Most cores in the offshore sand zone penetrate through the sand into 'basement'. The sand is generally less than 1 m thick with a maximum thickness of 3 m off Martha Point. The sands generally show little stratification although in many of the cores there visually appeared to be an increase in clay content with depth.
The physical regime on the Nepean Bay Bar differs from the other offshore sandbar zones. Unconsolidated sediments on the bar display wave and ripple morphologies and are constantly sorted by tidal currents. Wave action is of secondary importance. The bar comprises a sand-covered shelf overlying Quaternary calcarenite, with four deep tidal channels radiating from the 60 m-deep Rip. South Channel is the deepest channel and is 12-31 m deep. It is the main shipping channel for larger vessels. On top of the Nepean Bay Bar the water is generally less than 5 m deep (Figure 2) . The sand cover of the Nepean Bay Bar is up to 6 m thick and displays tidal-delta morphology. The sand is fine grained (<2.0 ), with a 50% calcareous content, and appears to be largely derived from the dune limestone underneath. Sand within the channels is similar, but contains a coarser biogenic component.
AGE DATING OF THE PERIPHERAL SANDS
The peripheral sand facies are considered equivalent to the Port Melbourne sands in the Yarra Delta (Neilson 1967) . In addition, a number of carbon-14 dates were carried out at the time of the surveys, but these remain uncorrected within the context of recent procedures detailed by Stuiver et al. (1998) . However, we feel the dates are important, and are representative of the spread of ages likely from these strata. In view of the absence of more recent (corrected) dates, they lie within the constraints of accuracy required for this stratigraphic study (e.g. tree-ring corrections for Holocene dates would only alter by a few hundreds of years). Two carbon-14 dates of shells at the base of the peripheral sands overlying consolidated basement have been obtained. Bowler (1966) The dated carbonaceous layers are considered to be deposits from lagoonal, intertidal and other peat environments formed close to the contemporary sea-levels during the early part of the Holocene marine transgression. The overlying marine sandy sediments were therefore deposited during the last 6500 ( 14 C years) BP highstand of southeast Australia (Thom & Roy 1985) .
Older peripheral sand units may be represented in the offshore St Kilda area where distinctly stratified sands occur in 5-6 m water depth. Closely spaced coring established the existence of three sand layers comprising an upper 1.5 m-thick grey medium shelly sand overlying 20 cm of discontinuous mottled yellow to dark-grey soft to firm shelly clay, overlying orange to brown clayey sand containing iron-stained bivalve shells. This rested upon stiff clays of the basement surface. Carbon dating of the ironstained shells returned an age of 34 900 Ϯ 2000 a BP (SUA 994). As this date is near the limit of practical 14 C detection and the possibility of contamination by modern carbon possible, the date is taken as a minimum only. The ironstaining of the shells suggests that they were exposed to subaerial weathering at an earlier date and they may represent a deposit from an earlier transgression.
BASEMENT UNDER THE PERIPHERAL SANDS
The peripheral sands are mainly reflective to the seismic frequencies used by the sub-bottom profiler, and thicknesses were identified from cores. Basement sediments in the cores usually consisted of firm to stiff sandy clays or clayey sands around the edges and calcarenite under the Nepean Bay Bar. Generally only 10-20 cm of the basement sediments were retrieved. This material generally showed evidence of subaerial weathering with mottling and small root fragments. The shallow penetration and often weathered nature of the basement material made geological identification difficult, but the basement material in most of the cores in the peripheral sandy areas appears to be weathered Tertiary sediments similar to those occurring in the nearest adjacent coastal cliffs.
The occurrence of Tertiary basement could be verified in the vicinity of submarine outcrops of Tertiary rocks. For example, offshore from St Kilda (5.5 m water depth) and Sandringham (9 m water depth) basement comprised compact quartz sand with root fragments. Between Brighton and Black Rock (offshore from the Tertiary Brighton Group outcrops: Figure 1 ), cores recovered stiff mottled ochre and grey sandy to silty clays similar to the Black Rock Sandstone (Abele 1988) . Other cores recovered green to greyish firm clayey fine to coarse sand similar to the Red Bluff Sandstone (Abele 1988) . Offshore from Mentone, basement material of a dark green-brown glauconitic clayey fine sand appears similar to Black Rock Sandstone outcropping at beach level at Red Bluff. On exposure this material rapidly oxidised to a ferruginous sand. Offshore from Seaford (11.6 m water depth), basement material was recovered comprising stiff mottled orange to grey clayey medium sand with root fragments and hard grey concretionary limestone similar to the Miocene Balcombe Clay (Abele 1988) . Similar material offshore from Dromana and Rosebud basement rock contained small shell fragments and here it may be Pleistocene in age similar to the Bridgewater Formation sand ridges that underlie the Nepean Peninsula (Mallett & Holdgate 1985) .
Data using the University of Melbourne boomer seismic profiles tend to confirm the presence of Tertiary sediments, considered to be probable Brighton Group, immediately underlying the peripheral sands in the northeastern parts of Port Phillip (Walsh 1978) . In the northwestern parts of Port Phillip, a totally reflective hard surface beneath the peripheral sands was interpreted as Newer Volcanics basalt (Walsh 1978) .
Central muds
A layer of soft-grey to dark-grey mud containing some silt, sand and marine shells occupies the central 500 km 2 of Port Phillip (Figure 3 ). This thickens to 9.1 m on seismic at the centre of the bay. At the margins, the mud layer includes silty beds and is a facies equivalent of the peripheral sands. Good acoustic penetration was obtained through the mud layer using the sub-bottom seismic profiler. The seismic results show the central muds disconformably overlie an eroded surface consisting of acoustically reflective clay, or in some cases an eroded surface of harder rocks, such as basalt or sandstone.
The mud layer occurs as an elongated pear-shaped area (Figure 3 ) covering central Port Phillip with a maximum east-west width between Frankston and Portarlington of 23 km, and a maximum north-south length between Williamstown and Rosebud of 48 km. In the northern part of Port Phillip north of seismic line Run 24 ( Figure 4 ) the western margin of the central muds is limited by the rapid shallowing of acoustic basement that forms a small escarpment on the sea floor, and the western edge to an infilled channel. North of Run 22 the mud layer appears to be confined to the channel, and becomes silty in the infilled channels of Hobsons Bay.
Coring shows the central muds vary in thickness from a few centimetres to over 6 m. Sub-bottom profiling indicates that the mud thickness is quite variable as it fills channels and other topographic features eroded in the underlying harder formations. An average thickness of 4.4 m is maintained over most of the study area, but in central Port Phillip where it forms the upper layer of an infilled system of channels, its thickness from profiling can be up to 9.1 m.
Colour and textural variations to the central muds occur both laterally and vertically. Generally they become silty towards the peripheral sandy areas. Detailed analysis of 14 core samples (at 5-10 cm core depth) in this area suggests the mean grain size is 3.0 (fine to very fine sand), with a silt component ranging between 10 and 45% (Greilach et al. 1996) . In the infilled channel areas it becomes darker with depth, and more consolidated with fewer marine shells, and may include sandy beds (e.g. core 7D: Figure 4) . The basal contact with the stiff clays of the underlying basement surface can be extremely shelly in places. A separate area of similar soft mud covers an area of 100 km 2 in the Geelong Outer Harbour that is divided into two basins by a rocky and sandy ridge between Point Wilson and Curlewis. The eastern basin is a subsurface depression filled by up to 36 ms (26 m) of soft, acoustically similar muds to the central Port Phillip. Its extent defined from seismic profiling is shown on Figure 4 , and a typical line across it between Point Richards and Point Wilson (part of Run 33) is shown on Figure 5 . The reflective basement beneath this depression can be traced westwards up to basalt outcrops on the Point Wilson -Curlewis Ridge, suggesting that basalt underlies the whole of the depression that we refer to as the Portarlington depression. It appears unconnected to other Upper Quaternary channel features (see below) and its origins are uncertain. We consider it could possibly represent a volcanic maar infilled by Upper Pleistocene to Holocene sediments.
AGE OF THE CENTRAL MUDS
R. Wilks (pers. comm. 1981) examined cores of the central mud for nannofossils. Of the eight samples submitted, Core 6Bii contained age diagnostic species 2.8 m below the seabed (35.2 m water depth) including the key zonal fossils Gephyrocapsa oceanica and Emiliania huxleyi, which indicate that the sample comes from the youngest Quaternary nannofossil zone with an age range of between 0.27 and 0 Ma. A number of the other samples contained rare nannofossils from which no age was obtained. The marine macrofossils, which are ubiquitous in the mud, are also generally indicative of a fairly recent age and include the bivalve Anadara trapezia, thought to have made its first appearance in Victorian coastal waters during the last interglacial stage at around 120 ka (Gill 1972) . The central muds are considered to be equivalent in age to the Coode Island Silt that occurs in the Yarra Delta (Neilson 1967 ). Here it is described as soft dark organic fine sandy and silty clays that, in bores, occur down to 30 m below sea-level. Various uncorrected carbon-14 dates have been obtained from plant material at its base. They include a tree stump at Spencer Street (at -19 m) dated at 8300 Ϯ 210 a BP (Y-151), and wood at -28 m dated at 12 810 Ϯ 210 a BP (GaK-1101) (both dates by Gill 1968). The Coode Island Silt and, by inference, the central muds, have been deposited during or since the Holocene transgression.
BASEMENT UNDER THE CENTRAL MUDS
Basement under the central muds was defined both by coring and using the sub-bottom seismic profiler. In the latter case, it appears to be acoustically reflective to the seismic frequencies used. In the central mud areas, basement lies at a deeper level than under the peripheral sands and its surface is far more irregular. Acoustically, it was detected below a variable thickness of soft penetrable muds and channel-filling sediments. On the seismic profiles the basement surface appears to be quite irregular and this is taken to indicate that it has been formed by periods of subaerial erosion. In rare instances, some reflective markers may appear within the basement, but these are localised and discontinuous. In the central Port Phillip this erosion surface includes former river channels that have been infilled by soft sediments to a thickness of 38 ms (27.7 m).
Coring could only penetrate to basement outside the main infilled channel areas. Here it was found to consist of compacted and mottled brown, yellow and grey stiff clays or sandy and silty clays, sometimes with thin beds of clayey sands and calcareous nodules. The top surface layer is often oxidised dark-brown or black, but similar iron-stained layers can also occur below this surface. The basement clays have been penetrated to 3.2 m and are thought to be equivalent to the stiff clays that are found in the Yarra Delta under the soft Holocene muds. In the Yarra Delta these sediments are referred to as the Fishermans Bend Silt (Neilson 1967) , and are dated as being slightly younger than the mainly underlying Burnley Basalt that has a radiometric age of 0.81 Ma (Page 1968) . Constrained by the Coode Island Silt above, and the date on the basalt below, the Fishermans Bend Silt is considered to be Middle Pleistocene in age (Neilson 1967) . Calcareous material, recovered in eight core samples in Port Phillip, was examined for nannofossils, but no age-diagnostic taxa were found (R. Wilks pers. comm. 1981). Rare foraminifers recovered from one of the Australian Dredging cores also contained non-diagnostic species (Holdgate 1977) . On some seismic runs, faint discontinuous reflectors can be seen in basement clays suggestive of cut-and-fill structures. They indicate the basement clays to be over 25 ms (18.2 m) thick. Stiff basement clays occur as far south as Mornington, and extend beneath the Geelong Outer Harbour. Their relationship with the Tertiary formations outcropping around the shores of Port Phillip is poorly understood because the peripheral sands cover their boundary. It is presumed from their geomorphic relationships that the stiff clays thin out against the older underlying Tertiary sediments. In the offshore Williamstown area they abut against sea-floor outcrops of Quaternary basalts.
Infilled channels
A soft-sediment infilled channel system down the centre of Port Phillip marks the ancestral course of the Yarra River and Werribee River during past glacial periods of low sealevel when the sea floor of Port Phillip was exposed (Figures 6, 7) . These infilled channels contain up to three seismically identifiable units that are not recognised elsewhere. The channelling appears to have cut down into acoustically non-penetrable basement (clays?) probably similar to the stiff basement clays found along the channel margins. A number of vibrocores were sited on and adjacent to the channel edges to confirm the seismic results. A previous paper (Holdgate et al. 1981) fully described the morphology, stratigraphy and age of these infilled channel systems and only a brief summary is presented here.
CHANNEL MORPHOLOGY
An infilled channel system can be traced seismically in Hobsons Bay beginning at Princes Pier where it is up to Marine geology of Port Phillip, Vic. vertical in places, but calculations correcting for vertical exaggeration suggest the side angles were between 5 and 10°.
CHANNEL STRATIGRAPHY AND AGES
The stratigraphy of the channel-filling sequences is determined from the seismic profiles in which four main sequences can be recognised by their seismic facies characteristics (Figures 7-11 ). These were fully detailed by Holdgate et al. (1981) and only a summary is presented below. Most of the lower three sequences are too deep to be reached by conventional vibrocoring techniques. Their ages, as interpreted below, are shown on Figure 12 together with the sea-level curve for the last 140 000 years (derived from Aharon & Chappell 1986 and Labeyrie et al. 1987) . The four sequences are referred to from top to bottom as Sequences A-D. Their disposition is shown as a stratigraphic north-south cross-section drawn along the channel systems between the Yarra Delta and the Nepean Peninsula (Figure 7) . Sequence A is the same sediments as the central muds outside the channels except it is usually more than double the thickness. Maximum cored interval is 6.05 m (Esso core No. 38), but on seismic it may exceed 10 ms (7.2 m). From 14 C dating it was deposited as marine infilling muds during the Holocene transgression.
Sequence B in the western Yarra Channel is densely layered, strongly reflective and shows lateral accretion from the channel sides towards the channel centres. In places it shows drape over channel-floor irregularities. Good examples of this sequence are shown on Figures 8-11 . Two coreholes reached the upper levels of this sequence (Esso Core 3 and AD Core 1). In these two coreholes over 2 m of fine to coarse clayey sands underlie Sequence A muds. Lithologies of the deeper layers of Sequence B are unknown, but may include coarse sands and gravels. In the Yarra Channel, Sequence B directly overlies acoustic basement, and can be up to 8 ms (5.8 m) thick. The reflectivity of this unit appears to decrease to the south suggesting sediment fining, becoming more clayey in this direction. This sequence can be traced as a reflectively weaker middle infill unit in the eastern palaeo-Yarra Channel (Figure 10 ). It is interpreted to represent fluvial derived aggradation sediments deposited as point bars during the last glacial sea-level fall and lowstand.
Sequence C first appears on Run 24 only in the eastern palaeo-Yarra channel (Figure 7) . It is acoustically similar to the central muds of Sequence A, and can be up to 12 ms (8.7 m) thick. Sequence C appears to have been cut into by the overlying Sequence B, so that the top of Sequence C is no shallower than 22 m below sea-level. It is presumed to represent an earlier marine and estuarine mud sequence, deposited during relatively higher sea-level times when marine flooding of Port Phillip occurred (at least up to Run 24). Using the sea-level curve (Figure 12 ) a date for Sequence C has been inferred at approximately 47-22 ka.
Sequence D is a basal, strongly layered reflective unit confined to the eastern palaeo-Yarra Channel and shows a similar lateral aggradational morphology to Sequence B. On some runs it appears to form a veneer on the western channel walls. By analogy, it represents a fluvial aggradational sedimentary deposit preceding the 47-22 ka flooding event, and could occur during the sea-level fall at approximately 57-47 ka. As this sequence appears to overlie acoustically similar clays to outside the channel areas, the base of the Yarra and palaeo-Yarra Channels are assumed to disconformably overlie the Fishermans Bend Silt.
DISCUSSION
Sea-floor irregularities
In many instances where sub-bottom profiles cross the Yarra Channel, irregularities in the form of mounds and hollows were observed on the sea floor with up to 2 m of relief. They always overlie the deeper infilled channels. In other areas coincident with the channels the sea floor may be depressed to some extent below the surrounding seabed ( as shown on Figures 8, 9 ). The channel from the Werribee River consistently shows this feature along most of its length (Figure 12) . However, the palaeo-Yarra Channel lacks any sea-floor bathymetric expression. Possible explanations for the Yarra Channel irregularities include: (i) they are a result of scouring bottom currents; (ii) they result from differential settling and compaction of the infilled channel sequences; and (iii) the Yarra Channel is the youngest channel feature and has not completely infilled to reach equilibrium with the rest of the Port Phillip bay floor. The first suggestion is the least likely as bottom currents are unlikely to be constrained to subsurface features. Therefore some combination of (ii) and (iii) is the most likely explanation.
Holocene sedimentation rates
Evidence for sedimentation rates for Sequence A (central muds) in the Holocene transgression comes from the 14 C dates at core site 18 (Bowler 1966) where the top 73 cm of sediments represent total accumulation within the last 5990 years, giving a compacted sedimentation rate of 12 cm/1000 y. There is a further 900 cm of Sequence A sediments below this stratigraphic level in the middle if the infilled channels (that may not be older than 10 000 years). Therefore a faster compacted sedimentation rate in the early part of the Holocene transgression of up to 224 cm/1000 y is required. This accords to the findings of Thom and Roy (1985) where rapid sedimentation rates and progradation immediately followed termination of the post-glacial transgression (6500-6000 14 C a BP), but slowed towards the present. A slower average sedimentation rate for the whole 25 m of channel infill of 44 cm/1000 y is obtained if the channels are not older than 57 Ka.
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Figure 12
Interpreted stratigraphic correlation of Port Phillip Sequences (A-D) and Nepean Peninsula aeolianites (dated by thermoluminescence: Zhou et al. 1994) with the Late Pleistocene to Holocene sea-level record from Huon Peninsula (after Aharon & Chappell 1986 ) and the pre-120 ka record from Barbados (after Labeyrie et al. 1987) . Temperature/humidity estimations from Schleiger (1981) .
radiometric K/Ar age of 810 ka (Page 1968). Therefore we conclude that the Fishermans Bend Silt beneath Port Phillip is no younger than 118 ka, and that the weathered surface on the Fishermans Bend Silt (as recorded in numerous vibrocores) represents a non-depositional record between 118 and 57 ka. The missing depositional record could be attributed to lowstand stripping and erosion at approximately 70 ka based on the significant sea-level fall to -80 m at this time (Figure 12) .
The lower and upper ages for the Nepean aeolianites and the contemporaneous Fishermans Bend Silt suggest deposition occurred between 810 and 118 ka, although this may have been intermittent, considering the total sediment thickness. It is also likely that older Tertiary units progressively subcrop below the Fishermans Bend Silt northward across Port Phillip, and that the total Quaternary thickness in the bay probably does not exceed 40 m.
Two subsurface peat deposits in the aeolianites were intersected in bores near Rosebud, and probably represent swamp deposition analogous to the overlying present-day Tootgarook Swamp (Figure 7 ). They also provide evidence of earlier Pleistocene cool wet conditions. The upper peat occurs at 10 to 15 m below sea-level, and approximates to a platform level (benching) on the Bass Strait face of the Nepean Peninsula (Keble 1950) . This could represent a second disconformity (wave-cut highstand) followed by peat deposition as sea-levels fell, analogous to the 118 ka erosional event. A lower peat horizon occurs at ~40 m below sea-level, but appears unrelated to a second (Keble 1950) platform at -30 m. However, any tectonic subsidence of the Nepean Peninsula would add to uncertainties concerning the significance of eustatically derived benching levels.
CONCLUSIONS
Sub-bottom seismic profiling and vibrocoring identify two major textural classes in the modern sediment distribution in Port Phillip. They are the peripheral sands and the central muds. These two classes are controlled by wave-base sorting, are lateral facies equivalents, and were deposited mainly around the post-last glacial marine transgression. Seismic profiling has allowed estimates to be made on regional thicknesses of the central muds, and some estimates as to the peripheral sand thicknesses can be derived from the coring results.
Seismic profiling has also demonstrated the existence of a buried channel complex down the centre of Port Phillip that delineates the course of the Yarra and Werribee Rivers during periods of sea-level lows in the Late Pleistocene. Seismic stratigraphy suggests that two main channelling episodes occurred. Radiocarbon dating and correlated thermoluminescence-dated aeolianites on the Nepean Peninsula suggest the earliest channelling occurred at ca 57-47 ka, and was subsequently modified at the peak of the last glaciation during ca 22-8 ka. Infilling of these Late Pleistocene channels first commenced as fluvial sand deposits and was subsequently completed during interstadial high periods by estuarine and marine mud deposition. The deposits are closely related to the development of the Nepean barrier and aeolianite formations across the mouth of Port Phillip, and are a result of the ponding effects of this barrier formation. Fluvial downcutting during lowstands has probably cut channels between the Nepean Peninsula and the Nepean Bay Bar that remain incompletely filled. The infilling sequences exhibited in these channels provides a modern analogue to sequence analysis in a known period of eustatically changing sealevels.
The phenomena of sea-floor irregularities and inferred gas seepages over the underlying channel features suggest that the Port Phillip seabed has not as yet reached equilibrium. Through differential sediment compaction and incomplete infilling, the bay floor is still in an evolving state.
